We have previously described a novel integrin composed of a p1-chain non-covalently linked to an a-chain which is biochemically different from those known so far (i.e., a1-a7 and av). This molecule has been identifed with a monoclonal antibody (MAb) termed 10
Introduction
Interest in adhesion molecules and their role in biological function is increasing steadily (for reviews see refs. 1-3). Molecules of the Ig superfamily, of the integrin family, and of the selectin family are distinguished according to structure (4) . Integrins are classified as heterodimers consisting of a-and B-chains which associate non-covalently in a variety of combinations ( 5 ) .
We have recently described a novel integrin of the pi subfamily (6) . This molecule is composed of a Pi-chain non-covalently associated with an a-chain different from those known so far, i.e., a1 to a8 and av, and is recognized by a monoclonal antibody (MAb) termed 10.1.2, that was obtained by immunizing mice with long-term cultured human thymic epithelial cells (TEC) (6) . Interestingly, MAb 10.1.2 blocks adhesion of thymocytes to TEC, thus suggesting a role for this novel pi integrin in TEC-thymocyte interactions that occur in the thymic microenvironment (7, 8) . In our previous study we have also shown that the molecule recognized tions of note were those in the basal layer of the epidermis and of other stratified squamous epithelia, where the lateral and apical but not the deep surfaces of most cells were stained. A variety of water-electrolyte transporting ells in sweat glands, salivary glands, and kidney were also stained at their deep surfae. The latter findings suggest that this molecule may subserve other functions in addition to those related to cell adhesion. (JlYkrdem Cyrochem 40:1291-by MAb 10.1.2 (a) behaves like a VLA (very late activation antigen) (9) because it is expressed on T-lymphocytes on long-term culture, (b) is detected on cultured TEC with medullary phenotype, and (c) is found exclusively on TEC located in the medulla of human thymic lobules. Here we describe its distribution in a variety of normal human tissues.
Materials and Methods

T' mueJ
Tissue specimens were obtained from subjects undergoing surgery; prenatal organs were taken from spontaneously aborted fetuses (22-36 weeks of gestation). Informed consent was obtained when appropriate. The following normal tissues were studied thymus, spleen, lymph node, tonsil, appendix, gut-associated lymphoid tissue, skin, skeletal muscle, heart, salivary glands, gastric mucosa, ileum, colon, pancreas, liver, lung, kidney, Fallopian tubes, mammary gland, thyroid, peripheral nerves. brain, and spinal cord. All tissue specimens were immediately frozen in cryombes plunged into isopentane, pre-cooled in liquid nitrogen, and stored at -1OO' C. Samples from all tissues were fixed with phosphate-buffered 10% formaldehyde containing 7.5% sucrose, paraffin-embedded, and stained for routine histology.
Cryostat sections (6-8 pm thick) prepared from frozen tissues were airdried and put on gelatin-coated slides for immunohistochemical reactions.
Peripheral blood and bone marrow aspirates from healthy young adults were collected in heparin. After dilution with PBS, mononuclear cells were isolated by Ficoll-Hypaque density gradient centrifugation. Cytocentrifuge preparations of mononuclear cells were fixed for 10 min with acetone and incubated with MAb 10.1.2 (6) .
Culture of Human TEC
Thymic tissue obtained from children undergoing cardiac surgery was used. Cultures were initiated by an explant technique, propagated at 37'C in 5% CO2 in enriched medium, and subcultured repeatedly for several months onto irradiated mouse 3T3 fibroblast feeder layers. Details on the enriched culture medium are provided in ref. 6 .
MAb 10.1.2
MAb 10.1.2 is a monoclonal antibody (IgG1) derived from a fusion between P3U1 mouse myeloma cells and spleen cells from a mouse immunized with cultured human TEC, as described (6) .
Immunohistochemical Reactions
AIkaline Phosphatase-Anti-alkaline Phosphatase (APAAP) Technique. Fresh frozen sections were fixed with acetone for 10 min and immediately washed with Xis-buffcred saline (TBS), or were incubated directly with MAb 10.1.2 without fition.
MAb 10.1.2 (undiluted culture supernatant) was layered on sections and incubated for 1-2 hr at room temperature, followed by rabbit anti-mouse Ig antibodies (30-min incubation). In the next step, sections were incubated for 30 min with APAAP, which consists of soluble complexes of calfintestinal alkaline phosphatase (AP) and mouse MAb and-AP. The chromogen substrate for AP was naphthol AS-MX phosphate, Fast Red TR salt, and levamisole, which inhibits endogenous AP activity (10) . After 20-min incubation with the substrate, slides were washed, counterstained with hematoxylin, and mounted in gelatin. Sections were rinsed with TBS after each step.
Streptavidin-Biotin-Paoxidasc
Complex (Strept-ABC-HRP) Technique. Fresh frozen sections were fixed with acetone for 10 min and immediately washed in PBS. Endogenous peroxidase activity was inhibited by 10-min incubation with 0.3% hydrogen peroxide in PBS (11) . MAb 10.1.2 culture supernatant was applied to sections for 1-2 hr at room temperature, followed by 30-min incubation with biotinylated rabbit anti-mouse Ig and by a further 30-min incubation with Strept-ABC-HRP. The substrate for peroxidase detection was 3,3'-diaminobenzidine tctrahydrochloride (DAB) (12) . After incubation with the substrate, sections were counterstained with hematoxylin, dehydrated. and mounted. PBS was used for washing after each step.
In both immunohistochemical techniques, control sections were prepared by omitting incubation with the primary (10.1.2) antibody. Other controls included staining oftissue sections with an irrelevant primary mouse MAb of an isotype identical to that of MAb 10.12 (anti-CD 56 IgGl MAb produced in our laboratories). Both primary and secondary controls yielded negative results. Secondary antibodies and APAAP were purchased from Dakopatts (Glosuup, Denmark) and chemical reagents were obtained from Sigma (St Louis, MO). At the epidermal level, a positive reaction was observed in keratinocytes of the basal layer, which were positive on their lateral and apical surfaces (Figure 2b) but not, in most cells, on the deep aspect that faces the basal lamina. Other positive reaction sites were the melanocytes both in the epidermis (Figure le) and in the underlying dermis. Basal epithelial cells of the hair matrix also bound MAb 10.1.2 in the dermal follicles, whereas other hair structures, including the hair papilla and sheaths, were negative ( Figure Ig) . A positive immunohistochemical reaction was detected in the secretory coil of eccrine Sweat glands located in the dermis (Figure If) , whereas cells lining the sudoriferous ducts were consistently negative. In the convoluted portions of the sweat gland tubules, the reaction was predominantly localized in the deep portion of the cells where the basal plasma membrane is elaborately infolded as in other cell types involved in water and electrolyte transport.
Results
Tissue
Salivary Glands. Parotid and submandibular glands and mucosal salivary glands of the oral cavity were analyzed. In all instances, MAb 10.1.2 reacted with the intralobular excretory ducts (striated ducts) of the glands but not with the secretory components (both serous and mucous). In the striated ducts, the reaction product was sharply confined to the basal regions of the epithelial cells ( Figure  3a) where deep infoldings of the basal plasma membrane are present.
Gastric Mucosa. A positive reaction with MAb 10.1.2 was detected in the columnar epithelium lining the gastric ridges and pits. In the glandular layer of the gastric mucosa, a positive reaction, albeit weak, was also shown in the oxyntic (parietal) cells of the gastric glands (Figure 3b ). whereas the chief (zymogenic) cells were negative.
Intestinal Mucosa. In the mucosa of both the small and the large intestine, MAb 10.1.2 reacted intensely with the surface epithe- Lung. Lung tissue from a prematurely born 6-month-old fetus I * and from adult specimens was analyzed. In both samples, Tvpe I pneumocytes lining the alveoli reacted strongly with MAb 10.1.2 ( Figure 3c ). Type I1 pneumocytes. alveolar and interstitial macrophages, and endothelial cells of the alveolar capillaries failed to react. Bronchial epithelial cells were also positive, whereas other tissues of the bronchial wall (e.g., cartilage, muscle cells, elastic fibers) did not react (Figure 4a) .
Kidney. Fetal (seventh month of gestation), newborn. and adult kidneys were examined. The reaction patterns were similar in all specimens. A strong reaction with MAb 10.1.2 was observed in the kidney corpuscles, where it was sharply localized in the epithelial cells of the parietal layer of the Bowman's capsule and in the podocytes (Figures 3e and 4b) . Epithelial cells of the proximal convoluted tubules were negative. In contrast, a strong reaction was detected in the cells of the thin limb of the loops of Henle and of the distal convoluted tubules (Figure 4c ). In the latter cells the reaction was confined to the basal compartment. Collecting tubules in the medullary rays and in the pyramids of the kidney medulla were also weakly reactive with MAb 10.1.2. Mammary Gland. Normal mammary gland tissue adjacent to tumor tissue surgically excised from adult women was available for analysis. In this resting mammary gland tissue, MAb 10.1.2 was bound by epithelial cells of both the alveoli and the alveolar ducts (Figure 4d ).
Neural Tissue. Several specimens from adult and fetal brain, cerebellum, spinal cord, and peripheral nerves consistently failed to react with MAb 10.1.2. All tissue components, including glia and blood vessels, were negative (not shown).
Discussion
MAb 10.1.2 immunoprecipitates a PI-chain which is identical to that associated with a variety of a-chains ( 5 ) . In contrast, biochemical analyses of the a-chain have led to the identification of a novel molecule of an apparent M%' of 150-160 KD which, on reduction, co-migrates with the 01 chain at 110 KD and is different from the a-chains characterized thus far (6) . This molecule is expressed on peripheral blood T-lymphocytes on long-term culture. Hence, it behaves like a VLA. The ligand for this novel p1 integrin is unknown. However, several observations suggest that it may be involved in cell-to-cell but not in cell-to-matrix interactions because (a) MAb 10.1.2 inhibits rosette formation among thymocytes (but not mature T-cells) and TEC, (b) adhesion of TEC to laminin-coated surfaces is not prevented by MAb 10.1.2, and (c) the deep surface of basal epidermal cells facing the basal lamina does not react with MAb 10.1.2, which stains the lateral and superficial aspects of the majority of the cells (6). In this respect, the localization of the integrin recognized by MAb 10.1.2 is identical to that of the a$l integrin (13) and is distinctly different from that of a3P1 and a&. The former integrin is distributed to all surfaces of the basal keratinocytes (14), whereas a,& is predominantly localized in the hemidesmosomes of basal epidermal cells (15-17) .
In the present study we have investigated the localization of 10.1.2 in a variety of fetal and adult tissues. We have confirmed the previously shown localizations in the thymus, lymph node, and epidermis. Interestingly, the same pattem of reaction shown in most keratinocytes of the basal layer of the epidermis was also observed in other stratified squamous epithelia, such as that of the mucosal surface of the palatine tonsil. In contrast, this reaction pattern was lost in the epithelium lining the tonsil crypts, presumably because of the epithelial disarray caused by lymphocyte and macrophage infiltration.
Another notable localization of MAb 10.1.2 was that found in the deep portion of epithelial cells involved in water and electrolyte transport, such as cells of the coiled portion of sweat glands, of the striated ducts of salivary glands, and of the distal convoluted tubules of the kidney. A common structural feature shared by all of these cells is that of deep infoldings of the basal plasma membrane. Although immunocytochemical analyses at the light microscopic level do not provide information on the precise site of reaction, the type of staining observed with the MAb 10.1.2 suggests that 10.1.2 is localized in the plasma membrane. Since analysis of squamous epithelia and in vitro studies (6) rule out the possibility that the molecule recognized by MAb 10.1.2 is a laminin receptor for basal celllbasal lamina interactions, it is tempting to speculate that it is involved in water-electrolyte transport. This would not be unprecedented because, for example in lymphocytes, it has been shown that adhesion molecules may subserve other functions in addition to those involved in cell-to-ceI1 or cell-to-matrix adhesion, e.g., triggering of activation and of differentiation pathways (18-21) .
A localization of MAb 10.1.2 that also deserves comment is that detected at the endothelial level. Certain endothelial cells, such as those of HEV in several organs including thymus, lymph node, and mucosa-associated lymphoid tissue, reacted strongly with MAb 10.1.2. Endothelial cells in other tissues such as those of the splenic venous sinuses were weakly positive, whereas liver sinusoids and other endothelia failed to react. These findings reinforce observations showing that a high degree of heterogeneity exists among endothelial cells (22). This heterogeneity is presumably related to the anatomic location of blood vessels and to the degree of endothelial cell activation caused by a variety of locally produced cytokines (23). This contention is also supported by our finding that fetal, but not adult lymph node HEV endothelial cells, fail to react with MAb 10.1.
2.
The novel molecule that we have described and localized in human tissues fulfills all of the functional criteria that have been assigned to molecules belonging to the integrin family because (a) it shows the ap heterodimeric structure of integrins, (b) it mediates cell-to-cell adhesive interactions, (c) it behaves like a VLA, being expressed on T-cells on long-term culture, (d) it displays a selective localization in certain cells and cell regions, and (e) as for other integrins, it may subserve additional functions besides those related to adhesion.
